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SUMMARY 

An investigation of the  spin and recovery  characteristics  of a 
A-scale model of the Douglas IL558-n airplane has been conducted in the 
25 
Langley 2Sfoot free+pinning  tunnel. The effects of control  settings and 
movements upon the  erect  and  inverted spin and recovery  characteristics of 
the model  were  determfned  for  the  model in the  normal  design gross weight 
'loading.  The  effects of varying the  stabilizer  incidence,  extending  elate, 
and removing  the  stall-control vanes were h l s o  determined. Tests were ale 
performed to determine the  effects  of  ventral fine on the spin and recoveq 
chaxacteristice and to determine  the  spin+ecovery -chute requiremnts. 

The recovery  characteristics of the model in i t s  original  design  were 
considered to be unsatisfactory  inasmuch as recovery  from the flatter of 
two t y p e s  of spin, indicated. as possible, was solllstimes 810~. kstallation 
of a large  ventral fin eliminated the flat spin asd made the  recovery  charac- 
teristics  of  the  model  satisfactory. V a r y i n g  stabilizer  incidence,  extending 
slats,  or  removing  the  stall-control vanes had little  effect on the  spin and 
recovery  characteristics.  Tests and analysis indicate  that a 6.8-footdiameter 
hamispherical  tail  parachute  with a drag coefficient of approximately 1.17 
(based on projected  area of hemispherical canopy) or an 11-foot-diameter  flat  tail 
parachute  with a drag  coefficient of 0.65 (based on area of flat  canopy)  would  be 
satisfactory as an emergency  spin-recovery  device. 

An investigation W&E conducted  in  the  Langley  20-foot  free-spimlng 
tunnel to determine  the  spin  and  recovery  characteristics of a --scale 

model of' the Douglas IL55kII airplane. The airplane  is a sing~e-place, 
rock&-propelled,  transonic  research  airplane. 

1 
25 



2 - NACA RM No. L8Euga 

The erect  and inverted spin agd recovery  characteristics were 
determined f o r  the model i n  the normal design gross w e i g h t  loading,  clean 
condition. The effects  on the  spin and rec.&ery characterist ics of varying 
the  stabilizer  incidence,  extending the slats, and removing the stal l -control  
vanes were a l a 0  determined. Two s i z e s  of ventral   f ina were’ t es ted   in  an 
attempt t o  Improve the spin and recovery  characteristlca of the model and 
the  effecta of ta i l  and wing-tip F a c h u t e s  as devices  for emergency 
recovery f r o m  the spin were investigated. 

SYMBOLS 

b 

S 
- 
C 

X/Z 

wing area, square feet 

mean aerodynamic chord,. feet  

r a t i o  of distance of center of gravlty rearward of 
leading edge of mean aerodynamic chord t o  man 
aerodynamic chord 

r a t i o  of distance between center of gravity and fuselage 
reference line t o  man aerodpamLc  chord (positive 
when center of gravity i s  below fuselage  reference 
l ine)  

m mass of airplane, slugs 

Ix, Iy, Iz moments of inertia about X, Y, and 2 body axe8 respectively, 
sluefeet2 

Ix - =Y i ne r t i a  yawing-mament F a m t e r  
mb2 

IY - =z 
mb2 

ine r t i a  rollin-mnt parameter 

Iz - Ix i ne r t i a  pitching-momsnt pmmeter 
mb2 
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P air density, slugs ger cubic  foot. 

a 

re lat ive  densi ty  of airplane 66) 
angle between fuselage.reference line and v e r t i c d  (approx. 

equal t o  absolute  value of angle of at tack at plane of 
symmetry), degrees 

pr angle between 8- axis  and horizontal,  degrees 

v ful l -scale   t rue rate of descent, f ee t  per second 

n ful l -scale  angular velocity about spin axis,  revolutions 
per second 

Model 

The A s c a l e  model of the Douglas I r 5 5 b I I  airplane was received and 

waa checked f o r  dimensional  accuracy an& prepzed for t e s t ing  by the Langley 
Laboratory. A three-view drawing of the model is sham in figure 1 and a 
photograph of the model i s  presented in  f i g w e  2. Dfmensional characterist ics 
of the  airplane  represented by the model are  given i n  table I. The values  in 
table  I1 f o r  unshielded  rudder volume coefficient,  tail-damping r a t i o ,  and 
t a i l a p i n g  power factor  were  computed by the method of reference 1. 
Figure 3 i s  a sketch showing the dimensions  and location of the wing slats 
tes ted on the model and figure 4 ahow6 sketches of the  ventral   f ina that were 
instal led on the model f o r  som of the tests. The stall"contro1 vanes 
instal led on the model were &R integral  part of the  airplane  design and, 
unless otherwise  indicated, were on the w i n g  of the model f o r  all sp in   t es t s .  

25 

The model was ballasted w i t h  lead weights t o  obtain dynamic s imilar i ty  
t o  the  airplane at an a l t i tude  of 15,000 fee t  ( p  = 0.001496 slug Rr cu f t )  . 
The weight, mcrments of inertia, and centeMf-@;ra;Pity location of the air- 
plane were obtained from data furnished by the Douglas Aircraft Company. A 
remote-control  mechanim was ins t a l l ed   i n   t he  model t o  actuate  the  rudder 
o r  open the m a c h u t e  f o r  recovery  attempts.  Sufficient  hinge moment was 
applied t o  the  rudder aurin@; the recovery tests t o  k v e  it f u l l y  and rapidly 
t o  the  desired  position. 

Both conventional flat-type s i l k  parachutes  (porosity approx. 120) and 
a hemisphericaldype  high-porosity  nylon  stable  parachute  (gorosity 400) were 
used in the model tests; the  porosity of the Eetrachube is based on the  cubic 



4 NACA RM No. L%lga 

fee t  of air that will -8s through one square foot of the  cloth psr 
minute  under a pressure of one-f inch of water. Drag coefficients of 
the parachutes were measured at the tinm of the   t es t s .  

Wind Tunnel and Testing Technique 

The tests were perfomned in the Langley 2Gfoot  free”spinning tunnel, 
t he   op ra t ion  of.which ia  generally similar t o  that described in reference 2 
for the Langley l s f o o t  free”spinning  tunnel  except that the models are 
launched by hand with spinning  rotation  into the ver t ica l ly   r i s ing  air stream 
rather than being launched by spindle. The airepeed i s  adjusted- until the 
drag of the model balances  the weight and, a f t e r  a number of turns i n  the 
established  spfn,  recovery is attempted by moving one or more controls by 

a safety net. The model is retrieved, the controls  reset, and the model is  
then  ready  .for the next spin. A photograph of the IL558-11 model spinning 
in the test section of the tunnel is  shown as figure 5. 

of the remote+ontrol mechanism. After recovery,  the model dive8  into 

The spin data presented  herein were obtained and converted t o  corre- 
sporlding full-scale  valuee by mthods  described i n  reference 2. The turns 
f o r  recovery were measured from the time the controls were moved or the 
m a c h u t e  was opened t o  the tinie the spin rotat ion ceased and the model 
dived  into the net. For recovery attempts in  which the d e l  struck  the 
safety net while it was still in  a spin, the recovery was recorded as 
greater than the nrndber of turns from the tinne the  controls were moved t o  
the time the d e l  struck  the  net, as >3.  A > 3 4 u r n  recovery  does  not 
necessarily  indicate an improvement over a >&turn recovery. For 
recovery  attempts i n  which the model did not  recover in less than 10 turns, 
the recovery was recorded as Q). When the model did not spin  but 
recovered  without  control mmement with the  controls set with the spin, 
the  result  was recorded as “no spin.“ 

In accordance Kith the standard free-spinni?2@xmnel t e a t  procedure, 
t e s t s  were made t o  determine the  spin and recovery c h m c t e r i s t i c s  of the 
model st the normal spinning control  configuration  (elevator full  up, 
ailerons  neutral, and rudder fu l l  w i t h  the epin) and at various  other 
aileron-elevator  control  cmibinatione  including  zero and maximum set t ings 
of the  surfaces for various podel configurations. Recovery was generally 
attempted by rapid full  rudder reversal. As is customary, tests were a lso  
performed t o  evaluate  the  possible  adverse  effects on recovery of ~1td.1 
deviations from the normal control  coaffguration for spinning. For these 
tes ts ,   the   e levator  was set  a t  tw-thirds of i t s  full-up deflection and 
the  ailerons were set at one--third of full deflection in the direction 
conducive t o  slower recoveries (against the spin f o r  the D-558-11 model). 
Recovery was attempted- by rapidly  reversing  the  rudder fram full with t o  
only tw-thirds against the spin. This particular  control  configuration 
and manipulation is re fer red   to  as the  “criterion spin.” Recovery 
characterist ics of the model are considered  satisfactory i f  recovery from 
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this cri terion s p b  requires !& turns o r  less; th i s  value has been selected 

on the  basis of full-scale airplane spin-recovery data that are  available 
for comparison with  corresponding model test r e y u l t s .  

4 

The testing technique for  determining the optimum size of and the 
towline  length  for spin-recovery mrachutes I s  described i n   d e t a i l   i n  refe- 
ence 3 .  For the  tail-parachute tests, the towline was attached to   t he  model 
at the plane of aymrnetry under the back end of the Azeelage. For the eng-  
t i p  parachute tests, the  towline was attached t o  the outboard wing t i p  
(right t i p  f o r  left spins), the  towline  length being such that the fully 
open parachute would just miss the  horizontal tai l ,  and the  parachute wa8 

packed on the w i n g .  The tai l  parachute and the wing  -chute  were placed 
on the  fuselage  or wing, respectively,  in such a position that it did not 
appreciably  influence  the  steady  spin  before  the -chute was opened. It 
i s  recommended that the -chute be pcked within the wing fo r  a full-scale 
wing-parachute installation, and that any full-scale parachute installation 
be provided w i t h  a positive mans of ejection. For the  current model tes ts ,  
the  rudder was held w i t h  the spin during  attempted  recoveries so that the 
t e s t  results were due entirely t o  the effect of opening the -chute. 

PRECISION 

The model t es t   resu l t s  presented  herein  me  believed t o  be the  true 
values  given by the  mdel  within  the follasing limits: 

a, degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  il 
$, degreeo . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fi 
V,percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  L5 
Sr, percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f2 

Turns f o r  recovery: 
-om motion-picture records . . . . . . . . . . . . . . . . . . .  4 

The precding  l imits may have been exceeded for   cer ta in  spins in which 
it was diff icul t   to   control   the  model in the tunnel because of the high ra te  
of descent  or because of the wandering or  oscillatory nature of the  spin. 

Comparison between model and airplane  spin results (references 2 and 4) 
indicates that spir4suTmal results are not always in complete agreement with 
airplane reeul-ts. In general,  the madele spun at a somewhat  emaller angle 
of attack, at a somewhat higher rate of descent, and with 5' to 10' more 
outward sideslip than did  the corresponding airplanes. The sonprison made 
i n  reference 4 f o r  21 airplanes  shared that 16 of the models predicted ' 

satisfactorily  the corresponding airplane  recovery  characteristics and 
that 2 of them overestimated and that 3 of  them underestimated the  corre- 
sponding number of turns f o r  recovery. 
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Based  on the data presented in  reference 5, it appears that good 
correlation  exists between model and f~LL+cale spin recoveries  effected 
by ta i l  parachute. No comparable full-scale data exist for  wing parachutes. 

Because of the impracticability of ballasting  the model exactly and 
because  of inadvertent damage t o   t he  model during the  spin tests, the , 

measured weight and mass dixtribution of the model varied from the  true 
scaled-down values. The following table  shows the range of weight and mass 
dietribution variationsr measured for the model: 

Weight, percent . . . . . . . . . . . . . . . . . . . . . .  1 low t o  0 
Centel.?-of-vity location,  percent F . . . . . . . .  0 t o  1 rearward 
Moments of inertia: 

Ix, percent . . . . . . . . . . . . . . . . . . . . . .  0 t o  6 high 
Iy, percent . . . . . . . . . . . . . . . . . . . . . .  0 t o  5 high 
Iz, percent . . . . . . . . . . . . . . . . . . . . . .  0 t o  5 high 

The accuracy of maswing the w e i g h t  and masa dist r ibut ion of the 
model is believed t o  be within  the following limits: 

Weight, percent . . . . . . . . . . . . . . . . . . . . . . . . . . .  f3 
Center+of-pwity  location,  percent F . . . . . . . . . . . . . . . .  L L  
Moments of inertia, percent . . . . . . . . . . . . . . . . . . . . .  25 

The controls were eet with as accuracy of so. 

The mss characterist ics and inertfa pamunetere f o r  loadinge possible 
on the D-55&II airplane and fo r  the  loading  tested on the model a r e   l i s t e d  
in   t ab le  =I. The inertia -ters f o r  the loadings of the airplane and 
model are plotted in figure 6 .  As discussed in reference 6 ,  figure 6 can 
be used as a n  a id  i n  predicting the relative  effectiveness 6f the  controls 
on the spin and. recwery  characterist ics of the model. 

The maxbmm control  deflections used i n  the   t ee te  were: 

Rudder, degrees . . . . . . . . . . . . . . . . . . . .  25 l e f t ,  25 right 
Elevator,  degrees . . . . . . . . . . . . . . . . . . .  25 up, 15 down 
Ailerons, degrees . . . . . . . . . . . . . . . . . . .  15 up, 15 down 
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The intermsdiate  control  deflections u m d  i n   t h e  t 

7 

ea ts  were : 

Rudder two-thirds deflected, degrees . . . . . . . . . . . . . . . .  161 
3 

3 
Elevator  tw-thirds up, degrees . . . . . . . . . . . . . . . . . .  le 
Ailerons  one-third  deflected,  degrees . . . . . . . . . .  5 up, 5 down 

For a l l  the   t es t s ,  the landing gear and landing  flaps were re t racted 
and the  cockpit w a s  cloeed. For same of the tests, Slat6 were  extended or  
ventral  fins were instal led.  

The spins and recoveries  obtained  with  the model were not similar f o r  
l e f t  and right spins. In the  initial tests, spins t o   t h e  right were 
generally steep and recbveries  rapid, whereas spins t o  the l e f t  -re 
generally flat and recoveries  unsatisfactory. During the   t es t  program 
this asymmetry i n  the model results  reversed itself i n  direction  several  
times. Measurements and special   tes te  were made in an attempt t o  determine 
the cause of the asymmetrical resu l t s  but no apweciable misalinemsnt of 
the model or  any omer  came  for the asymmetry was found. Indications are 
that the asyrmnetrical results were caused by hadpertent model asymmetry 
which, although it was too  aneXL t o  be measured, nevertheless  affected  the 
resu l t s  of the current desi@ appreciably. During the course of the 
investigation a new w i n g  W&B buil t  for   the model and the results of check 
t e s t s  made on the model with  the new wing ins ta l led  were generally similar 
t o  those  for  the  origlnal w i n g .  It appears that amall variat ions  in   the 
airplane  construction,  within  production  tolerances, may a lso  cause the 
full-scale airplanes t o  have v ~ t r y i n g  recovery  characteristics with the 
possibi l i ty  of 'unsatisfactory  recoveries. 

The mob1 data a m  gresented i n  terms of ful l -scale  values for   the 
airplane at a test a l t i tude  of lg,OOO fee t .  Unlese otherwise  stated, all 
t e s t s  were prformed  with  the model in the  clean  condition  (cockpit  closed, 
flaps  neutral,  landing gear retracted,  slats retracted,  and stall-control 
v m s  instal led) .  

Erect  Spins 

Basic  clean  condition.- The erect spin t e s t  results obtained w i t h  
the model i n   t he  normal design gross weight loading f o r  Oo s t ab i l i ze r  
incidence a r e  sham in chart 1. The right spins  obtained were wide radius, 
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wandering spins which w e r e  o sc i l l a to ry   i n   ro l l  and yaw. Recoveries.-by 
rudder reversal were rapid. The l e f t  spin8 obtained were generally flat 
with gradual  oscillations  in  pitch and an occasional  irregular  rolling 
motion. The ro l l ing  motion consisted of the outboard w i s  (right wing 
in   the  spin  to   the left)  ro l l ing  dawn between LOo and 20 below horizontal 
and immediately ro l l ing  uprard t o  a f e w  degrees above horfzontal and then 
returning  to  an approximtely  level  at t i tude.  Recovery characterist ics 
from the l e f t  spins w e r e  generally m a t i s f a c t o r y ;  but for SORE of the 
Fndividual  recovery attempts for some of the spins, sat isfactory  resul ts  
were obtained. It appears that the satisfactory  recoveries were asaociated 
w i t h  the aforementioned ro l l ing  motion, in that they occurred.when the 
rudder happened t o  be reversed  just as the outboard wing rolled d a m .  It 
is also significant that the model occaeionally  ceased s p i n n i q  without 
movement of the controls,  following  the rolling down motion of the  outboard 
wing.  Based on the aforementionsd unsatlsfactom  recoveries, it a p p a r s  
that from cer ta in  f lat  sphxlng conditions  indicated  possible on the air- 
plane,  reversing the rudder will have no appreciable  effect on the spin. 
The possible  Ineffectiveness of the rudder was a lso  indicated on the model 
by a few t e s t s   i n  which the  nodel was launched  with  spin  rotation with the 
rudder  set fu l l  against the  spin and either a no-spin  condition  or a f l a t  
spin was obtained. Inamouch as the maas dist r ibut ions  for  all loadings 
indicated as possible on the I?-558-11 airplane are not  appreciably  different 
from those  for the normal design gross weight loading  tested, it i s  believed 
that the  spin and recovery  characteristics  obtained during the model t e s t a  
for   the model i n  the normal design gross weight loading are generally 
applicable  to  the  other  possible loadings of the airplane. 

< 

Because of the unsatisfactory  recovery  characteristics  indfcated by 
the model t e s t  results as possible on the D+sII airplane,  intentional 
spinning of the airplane  should be avoided. The unsatisfactorg  recovery 
characterist ics appear t o  be contrary t o  what would-be  expected from the 
spin--recovery criterion  presented  in  reference 1. However, the mas8 
dist r ibut ion  in   the Ib558-I1 airplane is  extremely heavy along the 
fuselage as compared t o   t h e  King and is far beyond the range covered by 
the  empirical   cri terion in  reference 1; therefore  the  cri terion  ie  not 
directly  applicable t o  the  subject  airplane. Brief t e s t s  were made with 
t h  model reballasted BO that the iner t ia  parameters fell within the . 
range covered by the c r i te r ion  of reference I (,- = -300 x 1 0 3  

mb 2 

and the  recoveries were satisfactory  for this condition. 

Effect of varied  stabil izer incidence.- The resu l t s  of br ief   teats  
(data not  presented in  chart form) i n  h i c h  th&ml>def  s tab i l izer  i-ncidence ". 

was set at 4' leading edge up and 6' leading edge down (from  fuselage 
reference line) generally mre similar to  those  obtainsd  with 0' s tab i l izer  
incidence as shown in  char t  1. 
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Effect of slats.- For the  investigation of the  effects  of slats on 
the  spin and recovery  characteristics of the model, the previously  discussed 
asymmetrical character is t ics  had reversed and steep spins and generally. 
rapid  recoveries were obtained with  the model in the  basic  clean  conclition 
f o r  lef t   spins .  The resu l t s  of t e s t s  of the model for   the   s teep   le f t   sp ins  
both in the basic  clean  condition and with  the slats extended m e  presented 
in   cha r t  2. Wending  the slats had only a slight beneficial   effect  i n  
that recoveries were somewhat more rapid. Brief tests of the model f o r  
f la t   sp ins   ( resu l t s  not  presented) showed no appreciable  effect of 
extending the slats on the spin and recovery  characteristics of the mdel .  

Effect of stall-control vanes.- The results of brie.f tes ts   indicated 
tha t  removing the  stall-control vanes on the wing of the model had no 
ef fes t  on the spin and recovery  characteristics of the  model. 

Effect of ventral  fins.- The resu l t s  of t e s t s  made in  an attempt t o  
improve the spin and recovery  characteristics of the  model by the  addition 
of a ventral  f in  are presented in table IV. Because t h e   f l a t  spins and 
poor recoveries  discussed  previously  (chart 1) were d i f f i c u l t  t o  obtain 
regularly, at t h i s  point in  the   t e s t  program the model w a s  purposely 
misalinsd in   order   to   obtain  f la t   spins  and poor recoveries similar t o  
those  presented in chmt 1, and the  effect  of addin@; a ventral  f in was then 
determined f romth i s  adverse  condition. Two s i zes  of ventral  fins were 
investigated. The addition of a small ventral  fin (ventral  f in  no. 1 i n  
fig.  4) had little ef fec t  on recoveries, the results being similar t o  those 
obtained with the model in the clean condition. The addition of a larger  
ventral  f i n  (ventral  f in  no. 2 i n   f i g .  k), however, eliminated  the flat 
spLns and led t o  recoveries which were satisfactory.  

Inverted Spina 

The model  would not spin in  an inverted  a t t i tude  e i ther  t o  the right o r  
t o  t h e   l e f t  when the rudder was held ful l  with the spin and the  ailerons and 
elevator were neutral. Although the  recovery  characteristics were not 
in-crostigated f o r  other  control  configurations, an analysis of the  resul ts  of 
sp in   t es t s  of other  similar models indicates that the 1~55&r1 airflans 
should recover  satisfactorily from an inverted spin by reversing  the  rudder 
and neutralizing the s t i ck  both l a t e r a l l y  and longitudinally. 

Landing Condition 

The landing  condition was not  tested on the model. An mEly63is of full- 
scale and model tes ts   indicates  that the  extension of flaps usually  has az1 
adverse  effect on recovery  characteristics  (reference 7) and although  the 
-558-11 airplane will probably  recover  satisfactorily from an incipient 
sp in   in  the landing  condition,  recoveries f r o m  f u l l y  develomd  spins wll1 
be unsatisfactory. It is recommended therefore that recovery be attempted 
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and the flaps be neutralized immediately upon entering an inadvertent 
spin in the landing condition in order t o  insure that transition from the 
incipient   to  the fully developed spin does not take place. 

Spin-Recwery Machute Tests 

Even though it was tmderetood that for the -58-11 airplane the normal 
spin demonstration in flight was waived, tests mre conducted t o  determine 
the optlnnxm size parachutes that would be needed as an emergency device t o  

w i t h  spizxrecovery parachutes are presented in table V. Ths recovery 
attempts were made-f'ram a spin that was flat and frm which recoveries by 
rudder reversal were unsatisfactory (elevator  neutral,  ailerons n s u t d ;  see 
chart 1). The t e s t  results indicated that a conventional f la t - typ =table 
parachute 11 feet  in diameter (full-ecale) with a drag coefficient of 
approximate- 0.65 (based on area of f la t  canopy) or a hamispherical 
high-porosity stable  parachute 8.85 feet   in  diameter (full-ecale) w i t h  a 
drag coefficient of approximately 1.17 (based on projected area of hemis- 
pherical canopy) would prwid6 eatisfactory r e c w e r y  by parachute action 
alone if opened frcan the ta i l  of the airplane on the end of a towline of 
the order of 50.5 feet  and 37.5 f e e t   ( f a - e c d e )  long, respectively. ~ h 3  
aforementioned 8.8>foot-di~u1~1ter  (full-scale) parachute m a  the smallest 
hemispherical-type  parachute available when the tes ta  were made. Refe- 
ence 8 indicates that for porosities up t o  4-00, a hemisBerical tail 
prachute "ch proPidee a p p - o a t a l y  70 axwent of the drag of a 
conventional flat4ype tai l  parachute will give spin recoveries similar 
t o  those  obtained K-lth the flat-type psrachwte, and on th f s  basis a 
6.8-footdhmeter hemis@mrical  parachute with 8 drag coefficient of 
approxlmately 1.17 would wobably be effective 88 821 emergency Bpi* 
recovery  device. As poiluted out in reference 8, the principal advantage 
of using a stable parachute is that during l e e 1  flight, check ",they do 
not cause violent pitching and yawing gyration8 of the airplane as do 
unstable tail parachutes. Additional t e s t  results (dah unpublished) 
have indicated that parachute opening, stabil i ty,  and drag ch~t,ra,cteristica 
may vaxy with velocity; therefore, it is recanumnded that before a parschute 
selected as EL spin-recovery  device is  put to   p rac t ica l  w e  it should be 
tested at airspeede s i m i ~  t o  those encountered in spina t o  make sure. 
that it w l l l  open in the air &ream and that it has suitable drag and 
stability  characterietice. 

effect reCWeri0S from uncontrollable Bpi-. The t e s t  obtained 

Neither of the two *tip parachutes tested (6.25 and 8.35foot- 
diamter flat parachutes,  full-scale) l ed  to a satisfactory spin recwery 
because the towline length m a  reetrioted. k n p r  tar l inss   or  larger 
wing;tip perachutes could not be used in the prese~t t e s t s  because of the 
nearmess of the meptbaok-wing tipa to   the  tal l  surf8ces and subsequent 
probability of fouling the tail  eurfaces. After the pack was opened, 
the parachute appeared t o  be in the wake of the outboard wing and, 
alternately, inflated and c_ollapeed on the wing even though it was clear 
at t ima .  This reeult is in  agreement vl th  those of reference 9, wherein 



it is indicated that the wake effect  behind a s t a l l ed  wing may prevent a 
wing-tip parachute from o p n i n g  iT  the towline is short. 

Control Forces 

The discussion of t h e  results so far ha8 been  based on control  effec- 
tivensss alone without  regard to   the  forces   required  to  move the  controls. 
For a l l  tes ts ,   guff ic ient   force w m  applied t o  the model rudder t o  move it 
f u l l y  and rapidly.  Sufficient  force must be appl ied   to  the airplane  rudder 
control t o  move it in a similar manner in order f o r  the model and airplane 
resu l t s  t o  be cmpmable. Based on the data presented in  reference 10 an 
est,imation of the force required t o  reverae the rudder fu l ly  and rapidly 
against  the spin was made, and it wa8 found that the force would be mil 
(under 75 l b )  and well within the  capabi l i t ies  of a pi lot .  

Recommended Recovery  Technique 

Based on the results obtained with the model and upon general spin- 
tunnel exprience,  the  following recommsndations 8s8 ma& regarding  spinning 
f o r  a l l  loadings and conditions of the IL55bXI airplane : lirtentioaal 
spinning  should be avoided. If, however, a spin is inadvertently  entered, 
corrective  controls  should be applied  immdiately. For erect  spina, the 
rudder should be reversed  bri8U.y t o  oppose the spin rotat ion followed 
lmmsdiately  by movement of the   s t ick  t o  la te ra l ly   neut ra l  and forwaxd far 
enough t o  effect  the  recovery  dive;  care  should be exercised t o  avoid 
excessive  accelerations in  the  recovery  dive and pull-out. If f laps  are 
extended, they  should be imnvsdiately neutralized and recovery  attempted. 
If spin  rotation is encountered  while i n  &z1 inverted attitude,  the  rudder 
should be reversed  br iskly  to  oppose the rotat ion and the   s t ick  moved t o  
neut ra l   ( la te ra l ly  and longitudinally). 

CONCLUSIONS AND R E C O M " T I 0 N S  

Based on results of sp in   t e s t s  of a 1 - 8 c a l e  model of the Douglas 

w58-11 airpl-, the following conclusions and recammendations regarding 
spin and recovery  characteristics of the airplane at an a l t i tude  of 
15,000 fee t  are made: 

25 

1. The cr i t ical   nature  of the design vi th  regazds t o  spin recovery 
may make recoveries from ful ly  developed flat spins  unsatisfactory and 
therefore  intentional spins should be avoided. 
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2. Recovery should be attempted immediately upon entering an inadvertent 
spin. For recovery from erect  spins, the rudder 8hould be reversed fully and 
rapidly and then followed immediately by movehnt of the s t i c k   t o   l a t e r a l l y  
neutral  and forward of neutral. 

3.  Satisfactory  mcaveries from any ilrverted spin that may be obtsined 
w i l l  be p o B E i b l e  by reverafng the rudder and neutralizing the s t ick.  

4. The ruddelr-control  force  encountered in a spin will be well within 
the capabi l i t ies  of the  pi lot .  

5 .  If a spin is inadvertently entered in the landing condition or  with 
jwt the flaps extended, the flap8 should be neu t r a l i zed  and recovery  should 
be attempted immediately. 

6 .  V a r y i n g  the stabll izer  incidince from 4O leading e- up t o  6 O  leading 
edge down, opening the wing  slat^, or removing the atall-control vanes vlll 
hme no appreciable effect on the spin and recavery  characteristics. 

7. Ins ta l la t ion  of a large ventral  fin W~U. l e a  to   s a t i s f ac to ry  recovery 
characterist ics.  

8. A 6.8-foot-diameter  hemiepherical t a i l  parachute with a drag coef- 
f i c i en t  of approximately 1.17 (based on prodected area of hemispherical 1 

canopy) or an  Il-foot-diameter f la t  tall parachute with a drag coefficient 
of approximately 0.65 (baaed on area of f la t  canopy) will be a sat isfactory 
emergency device for effecting recoveqy f’rcm an uncontrollable spin. 

Langley Aeronautical  Iaboratory 
N a t i o n a l  Advisory Committee- f o r  Aeronautics 

Langley Field, Va. 
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14 . NACA RM No . L8IUga 

Fuselage length. f't . . . . . . . . . . . . . . . . . . . . . .  44.50 

Wing : 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . .  
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . .  
Section.  root . . . . . . . . . . . . . . . . . . . . .  
Section. t i p  . . . . . . . . . . . . . . . . . . . . .  
R o o t  chord  incidence. deg . . . . . . . . . . . . . . .  
T i p  chord  incidence. deg . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . .  
Dihedral. deg . . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord length. in . . . . . . . . . . .  
Sweepback of wing 30 percent chord. deg . . . . . . . .  
Leading edge of man aero&pamtc chord rearward of 

leadlng edge of wing at airplane  center line. in . . 

. . .  25.00 . . .  175.00 
NACA 631-010 
NACA 631-012 . . .  3 . . .  3 . . .  306 . . .  35 . . .  -3 . . .  87.301 
. . .  54.125 

Ailerons : 
Chord ( reward  of hinge line) percent 

Area (rearward of hinge line) percent 
of w i n g  chord . . . . . . . . . . . . . . . . . . . . . .  15.0 

of w i n g  area . . . . . . . . . . . . . . . . . . . . . .  5.6 
span. p r c e n t  of w t n g  semiepan . . . . . . . . . . . . . . .  45.3 

Total area. sq ft . . . . . . . . . . . . . . . . . . . . . .  39.90 
Elevator area (rearward of hinge line). sq ft . . . . . . . .  9.48 

Qr088 weight l oad iq .  f t  . . . . . . . . . . . . . . . . .  19.61 

Horizontal tail surf'acee: 

Distance from center of gravity t o  elevator hinge 
line at plane of spmetry  for  normal d e 8 i g ~  

Vertical t a i l  surfaces: 
Total area. eq ft . . . . . . . . . . . . . . . . . . . . . .  32.99 

Distance from center of gravity t o  rudder 
hinge line at base f o r  normal design 

Rudder area (reasward of hinge line). sq ft . . . . . . . . .  6.15 

gross w e i g h t  lodfng. ft . . . . . . . . . . . . . . . . .  19.41 
-7 
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Original 

Ventral fin no. 2 
ins ta l led  

TDR 

8,808 x lo4 
10,366 

11,735 
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3Opercentchord line 

Stall COh ftvl vane 

Figure 1. - Three-view drawing  of the -scale model of the 
I 

. 25 
Douglas D-558-11 airplane a6 tested in the hagley 20-f oot 
free-sp- tunnel. Center of gravity is shown for normal 
groes weight condition. Dimensions are model values. 
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Figure 2 . -  The “ s o a l e  mdel of the Douglas D-558-11 airplane tested h the Langley 20-fook 

free-spLzming tunnel. 
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Figure 3 . -  Sketch showing location and dimensions of open wing slate 
t es ted  on the  -scale mdel of the D-558-11 airplane in the 
free-epimlng tunnel. 
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Figure 5 .  - The “scale  model of the Douglas D-558-11 airplane spi- 
in the Langley .20-foot free-sp3rml.ng tunnel. 
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Figure 6. - Inertia parmeters f o r  loadingg possible on the 
D-558-11 airplane and f o r  the loading wed on t he  “ e c a l e  

model. (Points are f o r  loadinge listed in table 111.) 
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